The prevention of suicidal behavior is one of the most important tasks for mental health clinicians. Although a few studies have indicated an increased risk of suicidal behavior among individuals with attention-deficit/hyperactivity disorder, the development of more effective ways of identifying and modifying the risk is hampered by our limited understanding of the underlying mechanisms for this association.
dition to having higher rates of psychiatric comorbidities such as affective disorders, 2,3 schizophrenia, 4 ,5 disruptive behavior disorders, 6, 7 and substance use disorders, 8 patients with ADHD have recently been shown to have an increased risk of suicidal behavior. 6, [9] [10] [11] [12] Developing more effective ways of identifying and modifying the risk of suicidal behavior is therefore a clinical priority, but it is hampered by our limited understanding of the causes of these behaviors in patients with ADHD. Research has suggested that the overlap between ADHD and suicidal behavior may be attributable to ADHD drug treatment 13 or co-occurring psychiatric disorders, 14 but to our knowledge, no prior studies have explored the extent to which ADHD and suicidal behavior share genetic and environmental risk factors. Family, twin, and genomic studies suggest that susceptibility to ADHD is largely genetic in origin, 15 and the familial clustering of suicidal behavior is partly attributable to genetic factors, [16] [17] [18] which may indicate that the association between ADHD and suicidal behavior might be due to shared genetic factors. A genetic explanation would also be expected if, for example, impulsivity is a genetically influenced intermediate phenotype behind both ADHD and suicidal behavior. 19, 20 On the other hand, environmental risk factors (eg, sexual and physical abuse) may also represent important risk factors for offspring with ADHD 21 and suicidal behavior. 22, 23 Taken together, most previous research exploring the association between ADHD and suicidal behavior has used small selected clinical samples and focused primarily on completed suicide, 12 and to our knowledge, no prior study has used genetically informed data. Therefore, our objective was to explore the extent to which ADHD shares genetic and environmental risk factors with suicidal behavior (both completed and attempted suicide) using a large population-based family sample. The use of family data from longitudinal registers allowed us to study the occurrence of suicide in individuals with ADHD and the familial risk across different levels of genetic relatedness. We conducted sensitivity analyses to rule out 2 plausible alternative explanations. First, we explored whether the results were consistent even after excluding relatives with ADHD and probands with suicidal behavior. This analysis was one approach to deal with the possible adverse effect of ADHD medication (eg, atomoxetine hydrochloride). 13 Second, given that prior research has suggested that ADHD may increase the risk of completed suicide through comorbid conditions such as affective disorder, schizophrenia, and substance use disorder, 14 we explored the familial overlap between ADHD and suicidal behavior after exclusion of such coexisting conditions.
Methods
The study was approved by the Ethics Committee at Karolinska Institutet. The requirement for informed consent was waived because the study was register based and the included individuals were not identifiable at any time.
National Registers
We linked several Swedish nationwide registers using the unique personal identification number. 
Statistical Analyses
We used a matched cohort design to estimate the risk of suicidal behavior within probands (individuals diagnosed as having ADHD) and among relatives of probands with ADHD. First, we evaluated the association between ADHD and suicidal behavior by comparing the risk of suicidal behavior among probands with ADHD with 5 unaffected control participants. Individuals were matched on sex and birth year as an attempt to eliminate confounding, reduce misclassification of exposure, and ensure equal time at register follow-up. Second, we used a family design in which we estimated the risk of suicidal behavior among relatives of probands with ADHD. For each type of relationship (parents, full siblings, maternal and paternal half siblings, and cousins), we matched each proband with ADHD and his or her exposed relative to 5 unaffected control participants and their corresponding relatives on sex and birth year. Several pairs could be descended from 1 proband (eg, if a proband has several siblings), and each individual in the population could appear in multiple relative groups (eg, parent, siblings). Control participants were chosen among individuals who were alive, living in Sweden, and not diagnosed as having ADHD at the year of the proband's first ADHD diagnosis. We compared the risk estimates separately for firstdegree relatives (eg, offspring and parents), second-degree relatives (eg, half siblings), and third-degree relatives (eg, cousins) to assess the genetic and environmental contribution to the overlap between ADHD and suicidal behavior. An increased risk of suicidal behavior among higher-degree relatives of probands with ADHD would suggest familial effects for the overlap. Additionally, comparing the risk estimates among maternal half siblings and paternal half siblings provides information about shared environmental factors. Basically, if the observed familial association is primarily explained by shared environmental influences, we would expect higher risk estimates among maternal half siblings than among paternal half siblings because offspring predominantly live with their mothers when parents separate. 33 We conducted 2 sensitivity analyses. First, we estimated the risk of suicidal behavior in relatives of probands with ADHD after excluding relatives with ADHD and probands with suicidal behavior. 34 These exclusions adjust for the possibility that ADHD medication itself might increase or decrease the risk of suicidal behavior. Second, we estimated the risk of suicidal behavior in relatives of probands with ADHD after excluding individuals with substance use disorder, depression, anxiety, conduct disorder, bipolar disorder, schizophrenia, antisocial personality disorder, and borderline personality disorder in probands, control participants, and relatives. This was done to explore the extent to which an observed familial association between ADHD and suicidal behavior was explained by comorbid psychiatric conditions. We used conditional logistic regression to estimate odds ratios (ORs) of suicidal behavior with 95% confidence intervals. Analyses were performed with SAS version 9.3 statistical software (SAS Institute, Inc) along with a robust sandwich estimator to supply standard errors corrected for the dependence between repeated observations within families.
Results

Descriptive Statistics
From the Swedish registers, we identified 51 707 individuals (69.8% males) who met our criteria for ADHD. Among all probands, 17 349 (33.6%) had a comorbid disorder. The distributions of psychiatric disorders and sociodemographic variables for cases and control participants are presented in Table 1 . Individuals with ADHD had a lower family education level compared with control participants. With respect to the severity of the suicidal behavior, individuals with ADHD were more likely to use poisoning and hanging as a method of suicidal behavior compared with control participants. However, control participants were slightly younger than probands at the time of suicide. Table 2 ). In contrast, we did not observe a statistically significant sex difference for completed suicide (χ 2 = 2.56; P = .11).
Overlap Between ADHD and Suicidal Behavior
Familial Risk of Suicidal Behavior
Percentages of suicidal behavior for specific groups of individuals exposed and unexposed to a relative with ADHD are given in Table 3 .
The OR for attempted suicide was 2.42 (95% CI, 2.36-2.49) among parents of probands with ADHD and 2.28 (95% CI, 2.17-2.40) among full siblings of probands with ADHD. Half siblings and cousins of probands with ADHD were also more likely to attempt suicide compared with relatives of control participants (OR = 1.57-1.59 among half siblings and OR = 1.39 among cousins). The difference in risk for first-degree relatives (ie, full siblings) and second-degree relatives (ie, half siblings) was sta-support for shared environmental factors. Moreover, the estimates from separate analyses for males and females were similar in magnitude and showed the same pattern of familial risks (data not shown). 
Sensitivity Analyses
First, we investigated the risk of attempted and completed suicide among relatives after excluding relatives with ADHD and probands with suicidal behavior. The familial risks were slightly lower, but a similar pattern was observed across different family relationships (Table 3) . Second, we repeated the family analyses after excluding probands, control participants, and relatives with comorbid psychiatric disorders. The pattern of familial risks of attempted suicide remained similar after these exclusions (eTable in Supplement). Unfortunately, the power to detect a genetic overlap between ADHD and completed suicide was not sufficient.
Discussion
In this large longitudinal nationwide sample of Swedish families, we found that ADHD was strongly associated with attempted and completed suicide in males and females, even after adjusting for comorbid psychiatric disorders. The pattern of familial risks across different levels of genetic relatedness suggests that shared genetic factors contribute to the overlap between ADHD and suicidal behavior. One potential explanation for these results is pleiotropic genetic effects 31 for ADHD and suicidal behavior, possibly reflecting genetic variants associated with impulsivity, a trait dimension that is highly heritable, 32 is a core component of ADHD,
and is strongly associated with suicidal behavior. 10, 14 Our findings lend support for future studies investigating genetic and neurocognitive factors associated with suicidal behavior in ADHD, needed to identify novel biological markers for improved identification of individuals with ADHD at high risk for suicidal behavior. This is an important target given that ADHD shows considerable clinical heterogeneity in terms of both severity and developmental outcomes. Although previous studies have emphasized the importance of genetic influences on ADHD, attempted suicide, and completed suicide, 17, 33, 34 our study is the first, to our knowledge, to show that ADHD and suicidal behavior share genetic risk factors. The finding of genetic factors does not exclude the possibility of environmental influences, nor does it exclude specific genetic and environmental factors on ADHD and suicidal behavior or the influence of nonshared confounders and measurement errors. It is also important to note that this finding needs to be replicated in other settings using research methods with different strengths and weaknesses in validity, such as multivariate twin studies and cross-disorder genome-wide association studies. In addition to this main finding, our study contributes 3 other important findings. First, we showed that the observed familial aggregation pattern remained when tested separately for attempted and completed suicide. This is important given that most studies have investigated the association between ADHD and completed suicide. 6 We found that the proportion of attempted suicide was 6.6% for parents and 3.4% for siblings of probands with ADHD. This suggests that relatives of pa- Second, we demonstrated that the familial risk of suicidal behavior remained similar after excluding probands and control participants with suicidal behavior as well as relatives diagnosed as having ADHD (ie, when including only those who have never been medicated for symptoms of ADHD), indicating that harmful effects of ADHD medication or imitation of suicide within families are unlikely explanations for the observed overlap between ADHD and suicidal behavior. This is particularly important given that previous research has suggested that stimulant or nonstimulant (atomoxetine) ADHD medication may increase the risk of suicidal behavior.
13,36,37 Nevertheless, additional research is needed on the relationship between medication use and suicide risk in ADHD populations. Third, we found that the risk of suicidal behavior in individuals with ADHD was attenuated but remained substantial after adjusting for comorbid psychiatric conditions. This indicates that the association between ADHD and suicidal behavior is only partly explained by coexisting diagnoses. In contrast, a few studies have suggested that ADHD might only be a risk factor for suicidal behavior in combination with other psychiatric conditions. 6, 14 The conflicting results may be explained by the fact that they used a small sample, which reduces the possibility to detect a statistically significant independent association between ADHD and suicidal behavior. There are many examples of widespread pleiotropic effects of genetic risk variants across a broad range of diagnostic categories, including schizophrenia, bipolar disorder, autism, major depressive disorder, and ADHD. 38, 39 Our finding that the familial aggregation pattern remained similar after adjusting for comorbid psychiatric disorders does not rule out such pleiotropic effects, but it suggests that at least part of the genetic overlap is specific for ADHD and suicidal behavior. The strengths of this study include the use of nationwide longitudinal data, which made it possible to study the entire Swedish population until the end of 2009. Further, the family-based design allowed us to explore the genetic and environmental contribution to the overlap between ADHD and suicidal behavior. The use of register data also eliminates the risk of recall bias and reduces the risk of misclassification. However, although recent validation checks indicate low numbers of false-positive diagnoses of ADHD in Swedish registers, 25,29 it was not possible to classify probands with ADHD according to the DSM-IV ADHD subtypes because these specific diagnoses were not recorded across the registers. Thus, future research needs to consider symptom data of ADHD to explore whether the familial risk of suicidal behavior is driven by the impulsivity component of ADHD. The estimated risk of suicidal behavior among individuals with ADHD might be biased if ADHD medication by itself is associated with suicidal behavior. However, the robust association after excluding relatives diagnosed as having ADHD in the familial risk analyses did not support strong bias of this type.
The ascertainment of probands with ADHD was predominantly based on ICD-10 diagnoses and prescribed medication unique for ADHD treatment. The ICD-10 definition of ADHD is stricter compared with that in DSM-IV, and national guidelines for medication to treat ADHD state that medication should be reserved for cases in which other supportive interventions have failed, indicating that our proxies for ADHD are most likely underestimating the incidence of ADHD. Thus, generalizations to cases of less severe ADHD symptoms should be made with caution.
Moreover, although mortality statistics with regard to suicides have been validated with Swedish data, 40 suicidal behavior might be underestimated owing to misclassification in the registers. However, because suicide is such a rare outcome, possible misclassifications would most likely not affect our estimates. Register data also have limitations in the forms of left truncation and right censoring, which might lead to misclassification of outcome and exposure. For example, the outpatient register was not started until 2001. Possible random misclassification would most likely only lead to underestimation of the familial risk. We handled these limitations by matching on birth year to ensure equal follow-up time. Some comparisons for completed suicides were based on small numbers, resulting in large confidence intervals. However, separate analyses for attempted and completed suicide resulted in a similar pattern of familial risks. Finally, comparing the risk of suicidal behavior in maternal and paternal half siblings made it possible to investigate the effect of shared environmental influences. This comparison was based on the assumption that maternal half siblings are more similar with regard to shared environmental exposures than paternal half siblings, supported by the fact that the majority (91%) of children among divorced parents in Sweden continue to live with their mothers. 33 Nevertheless, if the difference in shared environment between maternal and paternal half siblings is small, we will have limited power to identify shared environmental influences. However, the point estimates for maternal and paternal half siblings were basically identical. Future research should use twin studies or other family-based designs to more thoroughly examine the importance of shared environmental factors.
Conclusions
We have found an increased risk of both completed and attempted suicide among relatives of individuals with ADHD. The pattern of familial risks suggests that this association is partly due to shared genetic factors. These findings represent an important first step toward identifying the underlying mechanisms for the risk of suicidal behavior in patients with ADHD and suggest that individuals with ADHD and their family members are important targets for suicide prevention and treatment.
